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METHOD OF MANUFACTURING A
SEMICONDUCTOR DEVICE, HAVING FIRST
AND SECOND SEMICONDUCTOR REGIONS

WITH FIELD SHIELD ISOLATION

STRUCTURES AND A FIELD OXIDE FILM
COVERING A JUNCTION BETWEEN
SEMICONDUCTOR REGIONS

RELATED APPLICATION

The present application 1s a divisional of U.S. patent
application Ser. No. 08/667,587, filed Jun. 24, 1996, now
U.S. Pat. No. 6,201,275.

BACKGROUND OF THE INVENTION

This invention relates to a semiconductor device and a
method of manufacturing the same. More particularly, the
present invention relates to an 1solation technology 1n semi-

conductor devices such as a DRAM, an EEPROM, etc.

With further miniaturization of elements 1 semiconduc-
tor devices, an 1solation method has become one of,the
critical problems to be overcome. A method known as local
oxidation of silicon (LOCOS) has been widely used as the
isolation method. When 1solation i1s carried out by this
LOCOS method, however, bird’s beaks develop and limat
the area of forming elements such as transistors. Therefore,
this method cannot easily satisty the higher integration
density of semiconductor devices required recently. A
so-called “field-shield 1solation” method, which 1solates
clements by a MOS structure formed on a semiconductor
substrate, has been proposed as an 1solation method which
does not generate the bird’s beaks.

Generally, the field-shield 1solation structure has a MOS
structure 1n which shield gate electrodes made of a poly-
crystalline silicon (polysilicon) film are formed over a
silicon substrate through a shield gate oxide film. This shield
cgate electrode 1s always kept at a constant potential of 0 V
as it 1s grounded (GND) through a connection conductor
when the silicon substrate (or a well region) has a P type
conductivity. When the silicon substrate (or the well region)
has an N type conductivity, the shield gate electrode 1is
always kept at a predetermined potential (a power source
potential Vcc [V], for example).

Because the formation of a channel of a parasitic MOS
transistor on the surface of the silicon substrate immediately
below the shield gate electrode can be prevented, adjacent
clements such as transistors can be electrically 1solated from
one another. According to this field-shield isolation, 10n
implantation for forming the channel stopper which has been
necessary for the LOCOS 1s not necessary. In consequence,
a narrow channel effect of the transistor can be reduced and
the substrate concentration can be lowered. This makes the
junction capacitance formed inside the substrate small, and
the operation speed of the transistor can be improved.

JP-A-61-75555 (laid-open on Apr. 17, 1986 and corre-
sponding to U.S. Ser. No. 626,572 filed Jul. 2, 1984 with

U.S. PTO) discloses a semiconductor device employing a
field-shield structure or; field oxide film for 1solation
between elements.

JP-A-63-305548 laid-open on Dec. 13, 1988) discloses a
semiconductor device 1in which a field oxide film 1s formed

on an n-type semiconductor region and a field-shield struc-
ture 1s formed on a p-type semiconductor region.

SUMMARY OF THE INVENTION

As a result of researches and 1nvestigations conducted by
the present inventors, 1t has been found with the field-shield
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2

1solation structure that inconveniences are encountered
when 1t 1s required to form wells to be fixed or kept at
different potentials for the purpose of forming a circuit such
as a CMOS circuit, as will be described below.

Generally, in a CMOS circuit, a P-type well in which an
N-type MOS transistor 1s formed 1s kept at the ground
potential, while an N-type well 1n which a P-type MOS
transistor 1s formed 1s kept at a power supply potential. Thus,
a shield gate electrode for 1solation of the N-type MOS
transistor in the P-type well must be kept at the ground
potenfial, and a shield gate electrode for isolation of the
P-type MOS transistor 1n the N-type well must be kept at the
power supply potential for 1solation of the transistor ele-
ments. Therefore, 1t 1s 1mpossible to directly connect to
cither a shield electrode for the N-type well or a shield
clectrode for the P-type well a shield gate electrode which
serves 1o 1solate elements near a junction between the P-type
well and the N-type well, one 1n the P-type well and the
other 1n the N-type well. This necessitates formation of an
1solating active region at the junction of the N-type and
P-type wells. As a result, direct connection of the gates of the
N-type and P-type MOS transistors with a polysilicon
becomes 1mpossible, and additional connection conductors
have to be provided at a higher level for the connection of
the gates of the transistors.

Due to the above-mentioned structural limitations, a large
arca 1s needed to impede a high integration of the circuit.
Further reliability of a multi-layer connection structure
needs to be ensured, which will make the production cost
higher.

It 1s therefore an object of the present invention to provide
a semiconductor device having an 1solation structure which
1s useful for integrating semiconductor elements or circuit
clements at a high integration density and reducing a chip
arca, and a method of manufacturing such a semiconductor
device.

It 1s another object of the present mnvention to provide a
semiconductor device i which two element formation
regions or semiconductor regions having different conduc-
fivity types can be 1solated from each other by an 1solation
structure having a smaller size than those of the prior art
devices, and a method of manufacturing such a semicon-
ductor device.

It 1s still another object of the present invention to provide
a semiconductor device 1n which electrical connection 1s
possible between elements formed at the boundary between
two element formation regions or semiconductor regions
having different conductivity types by an integrated single
connection conductor, and a method of manufacturing such
a semiconductor device.

According to one aspect of the present invention, a field
oxide film 1s formed at a main surface of a semiconductor
substrate, the field oxide film having an inner surface located
within the semiconductor substrate, and a junction formed
between two semiconductor regions of different conductiv-
ity types defined 1n the semiconductor substrate terminates
at the 1inner surface of the field oxide film. By this structure,
the semiconductor regions of different conductivity types are
1solated from each other. This makes it possible to form a
conductor extending on the 1solating field oxide film for
making electrical connection between circuit elements 1n the
1solated semiconductor regions.

According to another aspect of the present invention, a
semiconductor device has a first well region of a first
conductivity type and a second well region of a second
conductivity type, that are fixed at mutually different poten-
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fials. These are formed adjacent to each other in a surface
portion of a semiconductor region. A plurality of MOS
tfransistors each having source/drain regions of an opposite
conductivity type to that of each well, are formed 1n at least
one of the first and second regions. These MOS transistors
are electrically 1solated from one another by a field-shield
isolation structure and the first and second regions are

clectrically 1solated from each other by a first field oxade
f1lm.

According to still another aspect of the present invention,
in a semiconductor device including, a plurality of well
regions formed 1n a surface portion of a -semiconductor
substrate, these well regions are electrically 1solated from
cach other and from the semiconductor substrate by a field
oxide film. This 1solation of other elements 1s attained by
field-shield 1solation structures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view of a semiconductor device
according to a first embodiment of the present invention.

FIG. 2 1s a sectional view of a typical DRAM according,
to a second embodiment of the present invention.

FIG. 3 1s a sectional view of a typical flash memory
according to a third embodiment of the present invention.

FIG. 4 1s a sectional view of another typical flash memory
according to a fourth embodiment of the present invention.

FIG. 5 1s a sectional view of another typical DRAM
according to a fifth embodiment of the present invention.

FIGS. 6a to 6/ are sectional views showing step-wise a
method of manufacturing a semiconductor device according
to a sixth embodiment of the present invention.

FIGS. 7a to 7g are sectional views showing step-wise a
method of manufacturing s semiconductor device according
to a seventh embodiment of the present 1nvention.

FIG. 8 1s an equivalent circuit diagram of a CMOS circuit
of FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First, a semiconductor device inclusive of a CMOS circuit
of FIG. 8 according to a first embodiment of the present
invention will be explained with reference to FIG. 1 which
is a schematic sectional view. In FIG. 1, a P well (PW) 101
kept at a common potential or a ground potential Vee and an
N well (NW) 102 kept at a power source potential Vce are
shown formed 1nside a silicon substrate 100 having a main
surface. N type MOS transistors 103 (803) are formed in the
P well 101 and P type MOS transistors 104 (804) are formed
in the N well 102.

Each of the N type MOS transistors 103 includes a gate
electrode 110 (810) comprising a phosphorus-doped poly-
silicon {ilm which 1s formed on the P well 101 through a gate
oxide film 132 and has a film thickness of about 100 to about
300 nm, and a pair of D type impurity diffusion layers 120
(only one of them being shown in FIG. 1) are formed inside
the surface of P Wells 101 on both sides of the gate electrode
110 to serve as the source and the drain. Incidentally, reason
why only one of each pair of N type impurity diffusion
layers 120 1s shown 1n FIG. 1 1s because this drawing 1s a
sectional view along the gate electrode 110 (810) and the
other N type impurity diffusion layer 120 does not appear.
This also holds true of the latterappearing P type impurity
diffusion layers 122.

The N type MOS transistors 103 are 1solated by a field-
shield 1solation structure having a shield gate electrode 105
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4

having a film thickness of about 300 to about 500 nm and
crossing at right angles a gate electrode 110. The shield gate
clectrode 1035, whose periphery 1s covered with a silicon
dioxide film 133 comprising a sidewall oxide film, and a cap
oxide film has its potential kept at the common potential
such as a ground potential Vee. Since the formation of a
parasitic channel in the P well 101 immediately below the
shield gate electrode 105 can be prevented, the adjacent N
type MOS ftransistors 103 can be electrically 1solated from
one another.

Each of the P type MOS transistors 104 includes a gate
electrode 111 (811) comprising a phosphorus doped poly-
silicon film formed on the N well 102 through a gate oxide
f1lm 132, and having a film thickness of about 100 to about
300 nm. A pair type impurity diffusion layers 122 1s formed
inside the surface portions of the N wells 102 on both sides
of the gate electrode 111 (811) to serve as the source and the
drain (only one of them being shown in FIG. 1).

The P type MOS transistors 104 are 1solated by a field-
shield 1solation structure. The field-shield 1solation structure
has an about 300 to about 500 nm-thick shield gate electrode
106, having a pattern crossing orthogonally the gate elec-
trodes 111. The shield gate electrode 106, whose periphery
1s covered with a silicon dioxide film 133 comprising a
sidewall oxide film and a cap oxide film, has its potential
kept at a power source potential Vcce. Since the formation of
a parasitic channel 1n the N well 102 immediately below the
shield gate electrode 106 can be prevented, the adjacent P

type MOS ftransistors 104 can be electrically 1solated from
one another.

As described above, a plurality of N type MOS transistors
103 formed 1n the P well 101 and plurality. of P type MOS
transistors 104 formed 1n the N well 102 can be electrically
1solated from one another by the field-shield 1solation struc-
ture which does not 1nvite the occurrence of the bird’s beaks
that have been observed 1 the LOCOS method. Therefore,
a greater area can be secured for the active region of each
well 101, 102 than when 1solation 1s attained by the LOCOS
method. In other words, the MOS transistors and 104 can be
formed 1n a higher integration density, and a semiconductor
device having the CMOS structure can be highly integrated.
Because 1on implantation into the element 1solation regions
for forming the channel stopper, which has been necessary
in the LOCOS method, 1s not required, the narrow channel
cifect of the MOS transistors 103 and 104 can be reduced.
Also, the concentration of each well 101, 102 car be lowered
and the junction capacity can be made small. Consequently,
the MOS transistors 103 and 104 can be operated at a high
operation speed.

In the semiconductor device according to this
embodiment, the field oxide film 114, having a film thick-
ness of about 150 to about 500 nm, 1s formed 1n such a
manner as to bridge the P well 101 and the N well 102 or in
other words, to cross over the PN junction therebetween.
The field oxide film has an inner surface located inside or
within the substrate 100. The film thickness 1s decided 1n
such a manner that an 1nversion layer 1s not formed at the
position 1mmediately below the oxide film 114. This field
oxide film 114 can be formed by the LOCOS method. The

PN junction terminates at the inner surface of the field oxide
f1lm 114. The P well 101 and the N well 102 are electrically
1solated from one another by forming the thick field oxide
film 114. In other words, since the field oxide film 114 1s
formed to a sufficiently large thickness, it 1s possible to
prevent the formation of the channel below the field oxide
film 114 and the operation of the parasitic transistor even
when the potential of a connection conductor (e.g. gate
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electrodes 110 and 111) formed on this field oxide film 114
changes. Therefore, even when a P type impurity diffusion
layer having a relatively high impurity concentration 1s not
formed, as has been the case 1n the prior art, the P well 101
and the N well 102 can be electrically 1solated from one
another, and the width necessary for 1solation can be reduced
by far greater than in the prior art. Therefore, a semicon-
ductor device having a CMOS structure can be 1ntegrated in
a higher integration density.

In the semiconductor device according to this
embodiment, the active region to which a voltage for keep-
ing the potentials of the wells 1s applied 1s not formed 1nside
the P well 101 and the N well 102, formed adjacent to one
another so as to form the PN junction Therefore, the CMOS
circuit can be formed by directly connecting the gate elec-
trode 110 of each N type MOS transistor 103 and the gate
clectrode 111 of each P type MOS transistor 104 by the
conductor extending on the field oxide film 114 (or 1n other
words, 1mtegrally forming the two gate electrodes 110 and
111). For this reason, a troublesome process step of leading
out the two gate electrodes 110 and 111 and indirectly
connecting them by a leading-out electrode, etc., becomes
unnecessary. Because the number of portions of multi-
layered wiring decreases, reliability of wiring connection
can be 1mproved. Incidentally, power source means not
shown 1n FIG. 1 supplies the ground potential Vee and the
power source potential Vcc.

As described above, the semiconductor device according
to this embodiment uses the field-shield 1solation structure to
clectrically 1solate a plurality of MOS ftransistors 103 and
104 formed 1n the P well 101 and the N well 102 from one
another. The device uses the field oxide film 114 to electri-
cally 1solate the two wells 101 and 102 from each other.
Therefore, the area necessary for 1solation can be reduced in
cach of the wells 101 and 102 and in the well boundary
region. In other words, because the MOS transistors 103 and
104 can be formed 1n a higher integration density, the
integration density of the semiconductor device can be

improved.

The semiconductor device shown in FIG. 1 can be fab-
ricated by the steps of forming first the two wells 101 and
102 by 1on 1mplantation, forming then the field oxide film
114 by the LOCOS method, further forming the field-shield
1solation structure by CVD or thermal oxidation, and inte-
orally patterning the gate electrodes 110 and 111. Because
the field-shield 1solation structure 1s formed 1n this way after
the field oxide film 114 1s formed, the peripheral portions of
the shield gate electrodes 105 and 106 are prevented from
being oxidized by the heat-treatment during the LOCOS
process. However, 1f design 1s made 1in advance by taking
into consideration the decrement of the widths of the shield
cgate electrodes 105 and 106 by this thermal oxidation, the

field oxide film 114 can be formed after the field-shield
1solation structure 1s formed.

Next, the semiconductor device according to the second
embodiment of the present invention will be explained with
reference to FIG. 2 which 1s a schematic sectional view of
the semiconductor device. This embodiment represents the
application of the present invention to a DRAM having a
CMOS circuit 1 a peripheral circuit region.

Referring to FIG. 2, a P well (PW) 201 kept at the
common potential or the ground potential Vee and an N well
(NW) 202 kept at the power source potential Vce are shown
formed 1nside a silicon substrate 200 having a main surface.
P type MOS transistors 204 constituting a peripheral circuit

are formed 1n the N well 202. N type MOS transistors 203
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constituting a peripheral circuit and DRAM memory cells
241 constituting a memory cell array are formed 1n the P
well 201. The DRAM memory cell 241 comprises a capaci-
tor 245 which 1n turn comprises a lower electrode 242
formed on the inter-level 248 1nsulating film 248 and com-
prising a poly-silicon film, a capacitance dielectric film 243
covering the lower electrode 242 and comprising an ONO
f1lm, and an upper electrode 244 comprising a polycrystal-
line silicon film, and an N type MOS transistor 247 using an
impurity diffusion layer 246, which keeps contact with the
lower electrode 242, as one of the source and the drain
thereof. Since the memory cell array region shown 1n FIG.
2 shows the section at the portion of the impurity diffusion
layer 246, the gate electrode of the MOS ftransistor 247
constituting the memory cell 241 i1s now shown 1n the
drawing.

Each N type MOS transistor 203 mcludes a gate electrode
210 about 100 to about 300 nm thick comprising a
phosphorus-doped poly-silicon film formed on the P well
201 through a gate oxide film 232, and a pair of N type
1mpur1ty diffusion layers 220 (only one of them being shown
in FIG. 2) formed inside the surface of the P well 201 on
both sides of the gate electrode 210 and serving as the source
and the drain. Though only one air of the N type impurity
diffusion layers 220 1s shown in FIG. 2 for ease of
explanation, the other of the N type impurity diffusion layer
220 does not appear 1n the peripheral circuit region in FIG.
2 because the drawing 1s a sectional view taken along the
cgate electrode 210. This also holds true of the P type
impurity diffusion layer discussed below.

The N type MOS ftransistors 203 and 247 are electrically
1solated by a field-shield 1solation structure having a shield
cgate electrode 205 having a pattern crossing orthogonally
the gate electrode 210 and a film thickness of about 300 to
about 500 nm. The shield gate electrode 205 whose periph-
ery 1s covered with a silicon dioxide film 233 comprising a
sidewall oxide film and a cap oxide film has the potential
thereof kept at the ground potential Vee. Since the formation
of a parasitic channel 1in the P well 201 immediately below
the shield gate electrode 205 can be thus prevented, the
adjacent N type MOS transistors 203 and 247 can be
clectrically 1solated from one another.

Each P type MOS transistor 204 includes an about 100 to
300 nm-thick gate electrode 211 comprising a phosphorus-
doped poly-silicon film formed on the N well 202 through a
cgate oxide film 232, and a pair of P type impurity diffusion
layers 222 (only one of them being shown in FIG. 2) formed
at the surface portions of the N wells 202 on both sides of
the gate-electrode 211 and serving as the source and the
drain.

The P type MOS transistors 204 are electrically 1solated
by a field-shield 1solation structure having a shield gate
clectrode 206 about 300 to about 500 nm thick having a
pattern crossing orthogon ally the gate electrode 211. The
shield gate electrode 206 whose periphery 1s covered with a
silicon dioxide film 233 comprising a sidewall oxide film
and a cap oxide film has the potential thereof kept at the
power source voltage Vcc. Since the formation of a parasitic
channel in the N well 202 immediately below the shield gate
clectrode 206 can be prevented, the adjacent P type MOS
transistors 204 can be electrically 1solated from one another.

As described above, in the DRAM according to this
embodiment, a plurality of the N type MOS transistors 203

and 247 formed in the P well 201 and a plurality of P type
MOS transistors 204 formed 1n the well 202 are electrically
1solated from one another by the field-shield 1solation struc-
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ture which does not generate the bird’s beaks mherent to the
LOCOS method. Therefore, the active region of each well

201, 202 can be secured more greatly than when 1solation 1s
attained by the LOCOS method, and the MOS transistors

203 and 204 can be formed 1n a higher density. In other
words, the DRAM having the CMOS structure can be

integrated 1n a higher density. Because 1ion implantation into
the 1solation region 1n order to form the channel stopper as
has been necessary 1n the LOCOS method 1s not required,
the narrow channel effect of the MOS transistors 203, 204
and 247 can be reduced, the concentration of each well 201,
202 can be lowered and the junction capacitance can be
made small. In consequence, the MOS transistors 203, 204
and 247 can be operated at a higher speed, and these
transistors can be operated even when the capacitance of the
capacitor 241 1s small.

In the DRAM according to this embodiment, the field
oxide film 214 having a film thickness of about 150 to about
500 nm 1s formed 1n such a manner as to bridge the P well
201 and the N well 202, that 1s, to cross over the PN
junction. This field oxide film has an 1nner surface located
inside or within the substrate 200. Since the field oxide film
214, having a film thickness sufficient to prevent the for-
mation of an inversion layer immediately therebelow, is
formed 1in this way, the P well 201 and the N well 202 are
clectrically 1solated from each other. Further, the PN junc-
fion terminates at the inner surface of the field oxide film
214. In other words, since the field oxide film 214 1s formed
to a suflicient {1lm thickness, 1t becomes possible to prevent
the formation of a channel below the field oxide film 214 and
the operation of the parasitic transistor, even when the
potential of the wiring conductor formed on this field oxide
film 214 (e.g. gate electrodes 210 and 211) changes.
Therefore, even when a P type impurity diffusion layer
having a relatively high concentration, which has been
necessary in the past, 1s not formed, the P well 201 and the
N well 202 can be electrically 1solated and the width
necessary for 1solation can be reduced far greater than the
prior art. In other words, the DRAM having the CMOS

structure can be integrated 1n a higher integration density.

In the DRAM according to this embodiment, the active
region to which the voltage 1s applied 1 order to keep the
well potential, 1s not formed in both P well 201 and N well
202 that form the PN junction adjacent to one another. For
this reason, the CMOS circuit can be constituted by directly
connecting the gate electrode 210 of the N type MOS
transistor 203 and the gate electrode 211 of the P type MOS
transistor 204 by a wiring conductor extending on the field
oxide film 214 (that 1s, by forming integrally the two gate
electrodes 210 and 211). Thus, the troublesome process step
of indirectly connecting the two gate electrodes 210 and 211
through a leading-out electrode, etc., becomes unnecessary.
Since the number of portions of multi-layered wiring
decreases, reliability of wiring connection can be improved.
The power source means not shown i FIG. 2 supplies the
oground potential Vee and the power source potential Vce.

As described above, the DRAM according to this embodi-
ment uses the field-shield 1solation structure for electrically
1solating a plurality of MOS ftransistors 203, 204 and 247
formed in the P and N wells 201 and 202 from one another.
It also uses the field oxide film 214 for electrically 1solation
the two wells 201 and 202 from each other. According to this
arrangement, the area most necessary for 1solation 1n each of
the wells 201 and 262 and the well boundary region can be
reduced. In consequence, the MOS transistors 203, 204 and
247 can be formed 1n higher density, and the DRAM can be

integrated 1n a higher integration density.
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Next, a flash EEPROM (flash memory) according to the
third embodiment of the present invention will be explained
with reference to FIG. 3 which is a schematic sectional view
of the EEPROM. This embodiment represents the applica-
tion of the present mnvention to a flash memory having a
CMOS circuit 1n a peripheral circuit region.

Referring to FIG. 3, a P well (PW) 301 kept at a common
potential or a ground potential Vee and an N well (NW) 302
kept at a power source potential Vcc are shown formed
inside a silicon substrate 300 having a main surface. P type
MOS transistors 304 constituting a peripheral circuit are
formed 1 the N well 302 and N type MOS transistors 303
constituting the peripheral circuit and stacked gate type

memory cells 341 constituting a memory cell array are
formed in the P well 301.

The memory cell 341 1s an N type MOS transistor which
includes a composite gate structure 345 comprising a float-
ing gate 342 comprising a poly-silicon film formed on the P
well 301 through a tunnel oxide film 349, a dielectric film
343 comprising an ONO film which covers the floating gate
342 and a control gate 344 comprising a poly-silicon film.
The memory cell 341 uses a pair of N type impurity
diffusion layers 346 (only one of them being shown in FIG.
3) formed inside the surface portion of the P wells 301 on
both sides of the floating gate as its source and drain.
Incidentally, the reason why only one of the pair of N type
impurity diffusion layers 346 i1s shown in FIG. 3 1s because
the drawing 1s a sectional view taken along the composne
gate structure 345 and the N type impurity diffusion layer
does not practlcally appear 1n FIG. 3. This also holds true of
the later-appearing N type impurity diffusion layer 320 and
the P type impurity diffusion layer 322.

The N type MOS transistor 303 includes a gate electrode
310. The gate electrode 310 comprises a phosphorus-doped
polysilicon film formed on the P well 301 through a gate
oxide film 332 and having a film thickness of about 100 to
about 300 nm and a pair of N type impurity diffusion layers
320 (only one of them being shown in FIG. 3). The N type

diffusion layers are formed inside the surface of the P wells
301 on both sides of the gate electrode 310.

The N type MOS transistor 303 and the memory cell 341
are electrically 1solated by a field-shield 1solation structure.
The structure has a shield gate electrode 305 having a pattern
orthogonally crossing the gate electrode 310 and having a
f1lm thickness of about 300 to about 500 nm. The shield gate
clectrode 305 whose periphery 1s covered with a silicon
dioxide film 333 comprising a sidewall oxide film and a cap
oxide film, has the potential therecof kept at the ground
potential Vee. It 1s therefore possible to prevent the forma-
tion of a parasitic channel in the P well 301 immediately
below the shield gate electrode 3035 and hence, to electrically
1solate the adjacent N type MOS transistors 303 and the

adjacent memory cells 341 from one another.

The P type MOS transistor 304 has a gate electrode 311
comprising a phosphorus-doped polysilicon film formed on

the N well 302 through the gate oxide film 332 with a film
thickness of about 100 to about 300 nm. A pair of P type
1mpur1ty diffusion layers 322 (only one of them being shown
in FIG. 3) are formed at the surface portion of the N wells

302 on both sides of the gate electrode 311.

The P type MOS ftransistors 304 are isolated by the
field-shield 1solation structure having a shield gate electrode

306. The shield gate electrode 306 has a 20 pattern orthogo-

nally crossing the gate electrode 311 and a film thickness of
about 300 to about 500 nm. The shield gate electrode 306
whose periphery 1s covered with a silicon dioxide film 333
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comprising a sidewall oxide film and a cap oxide film, has
the potential thereof kept at the power source potential Vec.
Since the formation of the parasitic channel 1n the N well
302 immediately below the shield gate electrode 306 can be
prevented by this structure, the adjacent P type MOS tran-
sistors 304 can be electrically 1solated from one another.

In the flash memory according to this embodiment, a
plurality of N type MOS transistors 303 and the memory
cells 341 formed 1n the P well 301 and a plurality of P type

MOS transistors 304 formed 1n the N well 302 are electri-
cally 1solated from one another by the field-shield 1solation
structure. This does not 1nvite the occurrence of the bird’s
beaks 1nherent to the LOCOS method. Therefore, the active
region of each well 301, 302 can be made greater than when
1solation 1s attained by the LOCOS method. Thus, the MOS
transistors 303 and 304 and the memory cells 341 can be
formed 1n a higher density. In other words, the flash memory
having the CMOS structure can be constituted 1n a higher
integration density. Because 1on implantation into 1solation
region for forming the channel stopper, which has been
necessary according to the LOCOS method, 1s not necessary,
the narrow channel effect of the MOS transistors 303 and
304 and the memory cell 341 can be reduced, and the
concentration of each well 301, 302 can be lowered. In
consequence, the junction capacity becomes small, and the
MOS transistors 303 and 304 and the memory cell 341 can
be operated at a higher operation speed.

In the flash memory according to this embodiment, the
memory cells 341 are electrically 1solated from one another
by the field-shield i1solation structure. For this reason, the
parasitic transistor does not develop even when a high
voltage 1s applied to the control gate 344. In other words,
rewrite of memory cell 341 can be executed with high
cficiency by applying a high voltage to the control gate 344.

In the flash memory according to this embodiment, the
field oxide film 314 having a film thickness of about 150 to
about 500 nm 1s formed to bridge the P well 301 and the N

well 302, that 1s, to cross over the PN junction therebetween.
This field oxide film has an mner surface located inside or
within the substrate 300. Because the field oxide film 314
having a film thickness sufficient to prevent the formation of
an 1nversion layer immediately therebelow 1s formed in this
way, the P well 301 and the N well 302 are electrically
1solated from each other. Further, the PN junction terminates
at the inner surface of the field oxide film 314. In other
words, because the field oxide film 314 1s formed to a
suificient film thickness, 1t 1s possible to prevent the forma-
tion of the channel below the field oxide film 314 and the
operation of the resulting parasitic transistor, even when the
potential of a wiring conductor formed on this field oxide
film 314 (for example, the gate electrodes 310 and 311
changes. In consequence, the P well and the N well 302 can
be electncally 1solated without forming the P type impurity
diffusion layer having a relatwely high 1mpurity
concentration, which has been necessary 1n the past, and the
width necessary for isolation can be reduced far more
oreatly than in the prior art. Accordingly, the flash memory
having the CMOS structure can be integrated in a higher
integration density.

In the flash memory according to this embodiment, the
active region to which a voltage for keeping the well
potential 1s not formed in both of the P and N wells 301 and
302 adjacent to each other and constituting the PN junction.
Therefore, the CMOS circuit can be constituted by directly
connecting the gate electrode 310 of the N type MOS
transistor 303 and the gate electrode 311 of the P type MOS
transistor 304 by a conductor extending on the field oxide
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film 314 (that is, by integrally forming the two gate elec-
trodes 310 and 311). Therefore, the troublesome step of
indirectly connecting the two gate electrodes 310 and 311 by
a leading-out electrode can be eliminated. Further, because
the number of portions as multi-layered wiring decreases,
reliability of wiring connection can be 1mproved.
Incidentally, power source means not shown i FIG. 3
supplies the ground potential Vee and the power source
potential Vcc.

As explained above, the flash memory according to this
embodiment uses the field-shield 1solation structure for
clectrically 1solating a plurality of MOS transistors 303 and
304 formed 1n the P and N wells 301 and 302 and the
memory cells 341. It uses the field oxide film 314 {for
clectrically 1solating the two wells 301 and 302 from each
other. Therefore, the area most necessary for 1solation can be
reduced 1n the wells 301 and 302 and the well boundary. In
other words, since the MOS transistors 303 and 304 and the
memory cells 341 can be formed 1n a higher density, the
flash memory can be mtegrated mm a higher integration
density.

Next, a flash EEPROM (flash memory) according to the
fourth embodiment of the present invention be explained
with reference to FIG. 4 which 1s schematic sectional view
of the flash memory. This embodiment represents the appli-
cation of the present invention to a flash memory having a
CMOS circuit 1n a peripheral circuit region and in a negative
voltage control circuit region.

In this embodiment, the negative voltage control circuit
selectively applies a negative voltage to the control gate or
the source/drain of the memory cell transistor of the flash
memory at the time of writing of data. By this negative
voltage control circuit, the withstand voltage of the tunnel
oxide film, etc, can be increased and reliability of the
memory cell can be improved. In order to apply the negative
voltage to the control gate or the source/ drain of the
memory cell transistor, a P well 452 having a negative
potential must be formed, and to electrically 1solate this P
well 452 having the negative potential from the substrate
400, an N well 351 encompassing the P well 452 having the
negative potential and kept at the ground potential Vee must
be formed. Therefore, the flash memory according to this
embodiment includes a negative voltage control circuit
whose P well 452 1s encompassed by the N well 451, 1n
addition to the peripheral circuit and the memory cell array
that have been explained with reference to FIG. 3. In other
words, this flash memory constitutes a so-called “triple well
structure” with the later-appearing P well 401.

In FIG. 4, a P well (PW) 401 kept at a common potential
or a ground potential Vee, an N well (NW) 402 keptlat a
power source potential Vce and an N well (NW) 451 kept at
the ground potential Vee are formed inside a silicon substrate
400 having a main surface. A P well (PW) 452 kept at a
negative potential —Vpp 1s formed 1nside the N well 451. A
P type MOS transistor 404 that constitutes a peripheral
circuit 1s formed 1 the N well 402. An N type MOS
transistor 403 constituting the peripheral circuit 1s formed in
the P well 401, and a stacked gate type memory cell 441 of
a flash memory, that constitutes the memory cell array, 1s
formed.

The memory cell 441 has a composite gate structure 4435.
This includes a floating gate 442 comprising a poly-silicon
f1lm formed on the P well 401 through a tunnel oxide film
449, a diclectric film 443 comprising an ONO film that
covers the floating gate 442, and a control gate 444 com-
prising a poly-silicon film, and 1s an N type MOS transistor
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using a pair of N type impurity diffusion layers 446 (only
one of them being shown in FIG. 4 formed 1nside the surface
of the P wells 401 on both sides of the floating gate 442 as
the source and the drain thereof. Incidentally, only one of the
pair of the N type impurity diffusion layers 446 1s shown for
case ol explanation but because FIG. 4 1s a sectional view
taken along the composite gate structure 445, the other N
type impurity diffusion layer 446 does not appear in FIG. 4.
This also holds true of the latter-appearing impurity diffu-

sion layers 420 and 464 and P type impurity diffusion layers
422 and 458.

The N type MOS transistor 403 includes a gate electrode
410 comprising a phosphorus doped polysilicon film formed
on the P well 401 through a gate oxide film 432 and having
a thickness of about 100 to about 300 nm. A pair of N type
1mpur1ty diffusion layers 420 (only one of them being shown
in FIG. 4) 1s formed inside the surface of the P well 401 on
both sides of the gate electrode 410 to serve as the source/
drain thereof.

The N type MOS transistor 403 and the memory cell 441
are eclectrically 1solated by the field-shield 1solation struc-
ture. The structure has a shield gate electrode 405 having a
pattern orthogonally crossing the gate electrode 410 and
having a film thickness of about 300 to about 500 nm. The
shield gate electrode 405, whose periphery 1s covered with
a silicon dioxide film 433 comprising a sidewall oxide film
and a cap oxide film, has its potential kept at the ground
potential Vee. Since the formation of the parasitic channel in
the P well 401 immediately below the shield gate electrode
4035 1s prevented by this structure, the adjacent N type MOS
transistors 403 and the adjacent memory cells 441 can be
clectrically 1solated from one another.

The P type MOS transistor 404 includes a gate electrode
411 comprising a phosphorus-doped polysilicon film formed
on the N well 402 through a gate oxide film 432 and having
a film thickness of about 100 to about 300 nm. A pair of P
type impurity diffusion layers 422 (only one of them being
shown in FIG. 4) is formed inside the surface of the N wells
402 on sides of the gate electrode 411 to serve as the source
and the drain of the transistor.

The P type MOS transistors 404 are 1solated field-shield

1solation structure having a shield gate electrode 406 having
a pattern orthogonally crossing the gate electrode 411 and a
f1lm thickness of about 300 to about 500 nm. The shield gate
clectrode 406, whose periphery 1s covered with a silicon
dioxide film 433 comprising a sidewall film and a cap oxade
film, has the potential thercof kept at a power source
potential Vcc. Since the formation of a parasitic channel in
the N well 402 immediately below the shield gate 406 can
be thus prevented, the adjacent P type MOS transistors 404
can be electrically 1solated from one another

In the flash memory according to this embodiment
described above, a plurality of n type MOS transistors 403
and the memory cells 441 formed 1n the P well 401 and a
plurality of P type MOS transistors 404 formed 1n the N well
402 are electrically 1solated from one another by the field-
shield 1solation structure that 1s devoid of the occurrence of
the bird’s beaks 1inherent to the LOCOS method. Therefore,
the active region of each well 401 and 402 can be made
orcater than when 1solation 1s attained by the LOCOS
method, and the MOS transistors 403 and 404 as well as the
memory cells can be formed 1n a higher density. In other
words, flash memory having the CMOS structure can be
highly integrated. Since the flash memory of this embodi-
ment does not require ion 1mplantation into the 1solation
region for forming the channel stopper, which has been
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necessary 1n the LOCOS method, the narrow channel etfect
of the MOS transistors 403 and 404 and the memory cells
441 can be reduced. Also, the concentration of each well 401
and 402 can be lowered, thereby reducing the junction
capacity. As a result, the MOS transistors 403 and 404 and
the memory cells 441 can be operated at a higher operation
speed.

Further, in the flash memory according to this
embodiment, the memory cells 441 are electrically 1solated
from one another by the field-shield 1solation structure.
Therefore, even when a high voltage 1s applied to the control

cate 444, there 1s no possibility of the occurrence of the
parasitic transistor. Consequently, the memory cell 441 can
be rewritten highly efficiently by applying a high voltage to
the control gate 444.

In the flash memory, according to this embodiment, the
field oxide film 414 having a film thickness of about 150 to
about 500 nm 1s formed 1n such a manner as to bride the P
well 401 and the N well 402 or 1n other words, 1n such a
manner as to cross over the PN junction therebetween. This
field oxide film has an inner surface located inside or within
the substrate 400. Because the field oxide film 414 having a
thickness sufficient to prevent the formation of an inversion
layer immediately therebelow 1s formed, the F well 401 and
the N well 402 are electrically 1solated from each other. The
PN junction terminates at the inner surface of the field oxide
film 414. In other words, because the field oxide film 414 1s
formed to a sufficient thickness, it 1s possible to prevent the
formation of a channel immediately below the field oxide
film 414 and the operation of the resulting parasitic
transistor, even when a potential of a wiring formed on this
field oxide film 414 (for example, the gate electrodes 410
and 411) changes. Accordingly, the P well 401 and the N
well 402 can be electrically 1solated from each other without
forming the P type impurity diffusion layer having a rela-
tively high concentration in the P well as has been necessary
in the prior art, and the width necessary for 1solation can be
reduced far more greatly than in the prior art. In
consequence, the flash memory having the CMOS structure
can be integrated mare highly.

In the flash memory according to this embodiment, the
active region to which a voltage 1s applied so as to keep a
well potential are not formed 1n both the P and N wells 401
and 402 adjacently constituting the PN junction. For this
reason, the CMOS circuit can be constituted by directly
connecting the gate electrode 410 of the N type MOS
transistor 403 and the gate electrode 411 of the P type MOS
transistor by a conductor extending on the field oxide film
414 (in other words, by integrally forming the two gate
electrodes 410 and 411). Therefore, the troublesome process
step of indirectly connecting these gate electrodes 410 and
411 by a leading-out electrode, etc, becomes unnecessary.
Further, since the number of portions of multi-layered
wiring decreases, reliability of wiring connection can be
improved.

On the other hand, a P type MOS transistor 453 1s formed
in the N well 451 constituting the negative voltage control
circuit, and an N type MOS ftransistor 454 1s formed 1n the

P well 452.

The P type MOS transistor 453 includes a gate electrode
456. The gate electrode 46 comprises a phosphorus-doped
polysilicon film formed on the N well 451 through a gate
oxide film 432 and having a film thickness of about to about
300 nm. A pair of P type impurity diffusion layers 458 (only
one of them being shown 1n FIG. 4 formed inside the surface
of the N wells 451 on both sides of the gate electrode 456

to serve as the source and the drain of the transistor.
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The N type MOS transistor 454 includes a gate electrode
462. The gate electrode 462 comprises a phosphorus-doped
polysilicon film formed on the P well 452 through a gate
oxide film 432 and having a film thickness of about 100 to
about 300 nm. A pair of N type impurity diffusion layers 464
(only one of them being shown in FIG. 4) formed inside the
surface of the P wells 452 on both sides of the gate electrode

462 to serve as the source and the drain of the transistor.

The N type MOS transistors 454 are 1solated by a field-
shield 1solation structure. The structure has a shield gate
clectrode 471 having a pattern orthogonally crossing the
cgate electrode 462 and having a film thickness of about 300
to about 500 nm. The shield gate electrode 471, whose
periphery 1s covered with a silicon dioxide film 433 com-
prising a sidewall oxide film and a cap oxide film, has the
potential thereof kept at the negative potential —Vpp. Since
the formation of a parasitic channel 1n the P well 452
immediately below the shield gate electrode 471 can be thus
prevented, the adjacent N type MOS transistors 454 can be
clectrically 1solated from one another.

As described above, 1n the flash memory according to this
embodiment, a plurality of N type MOS transistors 454
formed 1 the P well 452 constituting the negative voltage
control circuit are electrically 1solated from one another by
the field-shield isolation structure that 1s devoid of the
occurrence of the bird’s beaks inherent to the LOCOS
method. Therefore, the active region of the P well 452 can
be formed 1nto a greater arca than when 1solation 1s attained

by the LOCOS method, and the MOS transistors 454 can be
fabricated 1n a higher density.

Further, 1n the flash memory according to this
embodiment, the field oxide film 482 having a film thickness
of about 150 to about 500 nm 1s formed 1n such a manner as
to bridge the P well 452 and the N well 451 that constitute
the negative voltage control circuit, or to cross over the PN
junction therebetween. This field oxide film 482 has an inner
surface located inside the substrate 400 in the same way as
the field oxide film 414 described above. Because the field
oxide film 482 having a film thickness sufficient to prevent
the formation of an inversion layer immediately therebelow
1s formed 1n this way, the P well 452 and the N well 451 are
clectrically 1solated from each other. The PN junction ter-
minates at the inner surface of the field oxide film 482. In
other words, because the field oxide film 482 1s formed to a
sufficient film thickness, the formation of the channel below
the field oxide film 482 and the operation of the resulting
parasitic transistor can be prevented, even when the potential
of a wiring conductor formed on the field oxide film 482 (for
example, the gate electrodes 456 and 462) changes. For this
reason, the P well 452 and the N well 451 can be electrically
1solated from each other without forming a P type impurity
diffusion layer having a relatively high concentration in the
p well which has been necessary in the prior art. The width
necessary for 1solation can be reduced far more greatly than
in the prior art. In other words, the flash memory having the
CMOS structure can be integrated in a high integration
density. This embodiment uses the field oxide film 484 1n
order also to electrically 1solate the N well 402 kept at the
power source potential Vec from the N well 451 kept at the
oround potential Vee. Therefore, the width necessary for
1solating them can be reduced. Incidentally, the thickness of
the field oxide film 484 and the correlation between the two
PN junctions formed between the wells 402 and 451 and the
substrate 400 and the mner surface of the field oxide 484 are
the same as those which have been explained already about

the field oxide films 414 and 482. In the flash memory
according to this embodiment, the active region to which a
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voltage 1s applied for keeping the well potential i1s not
formed 1n the P well 452. Therefore, the CMOS circuit can
be constituted by directly connecting the gate electrode 462
of the N type MOS transistor 454 and the gate electrode 456
of the P type MOS transistor 453 by a conductor extending
on the field oxide film 482 (that is, by integrally forming the
two gate electrodes 462 and 456). In consequence, the
troublesome process step can be eliminated and because the
number of portions of multi-layered wiring decreases, reli-
ability of wiring connection can be 1mproved. Incidentally,
power source means not shown in FIG. 4 supplies the
oround potential Vee, the power source potential Vcc and the
negative potential —Vpp.

As described above, the flash memory according to this
embodiment uses the field-shield isolation structure for
clectrically 1solating a plurality of MOS transistors 403, 404
and 454 and a plurality of memory cells 441 formed m the
P wells 401 and 452 and in the N wells 402 from one
another. It uses the field oxide films 414 and 482 for 1solating,
the two wells 401 and 402 and the wells 451 and 452 from
one another. Therefore, the area most necessary for 1solation
can be reduced 1n the wells 401, 402, 451 and 452 and 1n the
well boundary region, and the MOS ftransistors 403, 404,
453 and 454. Thus, the memory cells 441 can be fabricated
in a higher density, so that the integration density of the flash
memory can be further increased.

In the semiconductor devices according to the first to
fourth embodiments of the invention described above, a
plurality of well regions are formed 1nside the semiconduc-
tor substrate. Electrical 1solation between the well regions
and between the well regions and the boundary with the
semiconductor substrate 1s attained by the field oxide films,
respectively. Isolation of the elements 1 each well is
attained by the field-shield isolation structure. By such
structures, mutual 1solation of the well regions and 1solation
between the well regions and the boundary with the semi-
conductor substrate can be attamned by a small size, and
1solation between the well region and another or the sub-
strate can be attained by a small size, too. Further, the
clements 1n each well can be 1solated by a small size. In
other words, because optimum 1solation 1s made for each
position, the semiconductor device can be integrated 1n a
higher integration density.

Herenafter, the fifth embodiment of the present invention
will be explained with reference to FIG. 5.

FIG. 5 1s a sectional view of a DRAM according to this
embodiment. In the DRAM of this embodiment, elements
are 1solated by the field-shield method 1n a memory cell
array section and by the LOCOS method 1n a peripheral
circuit section.

The peripheral circuit section includes a CMOS circuit
constituted by N type MOS transistors 506 formed by using
ap” layer (P well 504 formed inside a silicon substrate 501
having a main surface and P type MOS ftransistors 505
formed by using an n* layer (N well 503 formed inside the
substrate 501. A source/drain connection conductor 518 is
connected to the source/drain of each transistor (not shown).
Each of the transistors 506 and 5035 has a gate electrode 508
formed on the gate oxide film 507.

In the peripheral circuit section in which a large number
of such CMOS circuits exist, SIOZ films (field oxide films)
5154 and 515b, having a film thickness of at least about 150

nm and for example, 500 nm, are formed by thermally

oxidizing the surface of the silicon substrate 501 by the
L.OCOS method. The transistors 505 and 506 formed m the

peripheral circuit section, that 1s, the two wells 503 and 504,
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are electrically 1solated from each other by this S10Z film
515b. Each of the field oxide films 5154 and 515b has an

inner surface located inside the substrate 501. The PN
junction between the wells 502 and 503 and the PN junction

between the wells 503 and 504 terminate at the inner surface
of the field oxide films 5154 and 5155, respectively. By this

structure, the wells 502 and 503 and the wells 503 and 504
are electrically 1solated from each other, respectively.

The memory cell array section includes a large number of
DRAM memory cells 540 each comprising one MOS tran-

sistor 525 and one capacitor 530 formed in the p™ layer (P
well 502 formed inside the silicon substrate 501.

Each MOS transistor 525 has a S10,, film 507 serving as
a gate oxide film and a gate electrode 508 made of poly-
silicon and formed on the S10, film 507.

Each capacitor 530 comprises a cell node (lower
electrode) 510 connected to one of the source/drain regions
(not shown) of the MOS transistor 525 at a cell node contact
516, a cell plate (upper electrode) 511 opposing this cell
node 510 and a diclectric film 529 sandwiched between the
cell node 510 an the cell plate 511. The other source/drain
region (not shown) is connected to a metal wiring 512 at a
bit contact 517.

In the memory cell section in which a large number of
such DRAM memory cell exist, a field-shield 1solation

structure 1s constituted by the S10,, film 507, the poly-silicon
film (shield gate electrode) 509, the SiO, film 514 and the

sidewall S10, film 521. The sidewall S10,, film 521 isolates
the poly-silicon film 509 from other wirings. The potential
of the polysilicon film (shicld gate electrode) 509 1s kept at
0 V or a ¥2 power source voltage. Incidentally, 1n order to
1solate the P channel MOS ftransistors, the potential of the
poly-silicon film 509 1s preferably kept at the power source
voltage or the 2 power source voltage. A plurality of MOS
transistors 525 formed 1n the memory region are electrically
1solated by this field-shield i1solation structure 519.

According to this embodiment, 1solation 1s attained by the
field-shield 1solation structure 519 1n the memory cell array
section 1n which a plurality of N type MOS transistors 525
are formed. Therefore, 1n comparison with isolation by the
LOCOS method, the chip area can be reduced by about 0.5
pm per transistor region. Since the memory cell array section
comprises the N type MOS transistors and almost no PN
junction exists, a guard ring having a width of about 10 gm
need not be formed.

In the peripheral circuit section 1n which the P and N type
MOS transistors 505 and 506 co-exist, on the other hand,
1solation 1s attained by the thick film 515 formed by the
LOCOS method. Therefore, a guard ring having a width of
about 10 um, which 1s necessary for 1solation by the field-
shield 1solation structure, need not be formed.

As described above, this embodiment employs the field-
shield 1solation structure for a relatively broad region in
which only the MOS transistors of the same conductivity
type exist such as the memory cell array section, for 1sola-
tion. The embodiment also employs the field insulating film
for a region 1n which the CMOS circuits are formed such as
the peripheral circuit section, for 1solation. In other words,
this embodiment combines the 1solation technology by the
field-shield 1solation structure and the 1solation technology
by the SiO, film (field oxide film) 515 formed by the
LOCOS method 1n such a manner as to appropriately
correspond to each region of the DRAM. In this way, this
embodiment can drastically reduce the chip area as a whole.

Hereinafter, the sixth embodiment according to the
present invention will be explained with reference to FIGS.

6a to 6/.
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Though this embodiment 1s a suitable embodiment for the
method of manufacturing a floating gate type non-volatile
semiconductor memory device such as an EEPROM, 1t can
be applied to the manufacture of the semiconductor devices
explained 1n the first to fifth embodiments.

In this embodiment, impurity 1ons are 1mplanted 1nto a
peripheral circuit formation section 612 of a P type silicon
substrate 611 having a specific resistance of about 10 £2-cm
so as to form a P well 614 and an N well 615, and to form
a P well 616 1n a memory array formation section 613, as
shown 1n FIG. 6a. PN junctions between the wells 614 and
615 and between the wells 615 and 616 terminate at the main
surface of the substrate 611.

Next, as shown 1n FIG. 6b, a silicon dioxide 617 having
a film thickness of about 20 to about 40 nm 1s formed on the
entire surface of the silicon substrate 611 by thermal oxi-
dation. A poly-silicon film 621 having a film thickness of
about 100 to about 200 nm 1s deposited onto the entire
surface of the silicon dioxide film 617 by a CVD process. A
silicon nitride film 622 having a film thickness of about 150

nm 1s deposited to the entire surface of the poly-silicon film
621 by the CVD process.

Then, the silicon nitride film 622 and the poly-silicon film
621 are removed 1n a width of about 0.8 um, for example,
from the portion which 1s to serve as the element 1solation
region of the peripheral circuit formation section 612 inclu-
sive of the portions 1n the vicinity of the boundary between
the P well 614 and the N well 615) and from the portion in
the vicinity of the boundary between the peripheral circuit
formation section 612 and the memory cell array formation
section 613 (that is, the boundary between the N well 615
and the P well 616 by photolithography and etching. In this
way, the silicon nitride film 622 and the poly-silicon film
621 are left on the entire surface of the region of the
peripheral circuit formation section 612 which 1s to serve as
the active region and the memory cell array formation
section 613. Incidentally, only the silicon nitride film 622
may be removed without removing the poly-silicon film

621.

Next, as shown 1n FIG. 6c, a silicon dioxide film 6235b as
a field oxide film and a silicon dioxide film 6234 as a field
oxide film are formed at the portion which 1s to serve as the
clement 1solation region of the peripheral circuit formation
section 612 and at the portion of the substrate inclusive of
the boundary between the formation portions 612 and 613
respectively. This 1s done by selectively oxidizing the silicon
substrate at a temperature of about 1,000° C. by using the
silicon nitride film 622 as the oxidation prevention film
having the poly-silicon film 621 formed as the lower layer
thereof.

Since the poly-S1 buffered LOCOS method 1s carried out
in this embodiment as described above, the growth of the
silicon dioxide film 623 in the direction of the surface of the
silicon substrate 611 1s restricted by the poly-silicon film
621. Therefore, the bird’s beaks of the silicon dioxide film
occur in a width of only about 0.2 O m (refer to JP-A-56-
70644 laid open on Jun. 12, 1981, for example).

The field oxide film 623a covers the junction between the

wells 615 and 616, while the field oxide film 6235 covers the
PN junction between the wells 614 and 615, at the main
surface of the substrate 611, respectively. In other words, the
PN junctions terminate at the inner surface of the field oxide

films 623a and 623b, respectively.

As shown 1n FIG. 6d, the silicon nitride film 622 1is
removed by wet etching using phosphoric acid, and a silicon
dioxide film 624 having a film thickness of about 100 nm 1s




US 6,482,692 B2

17

deposited to the entire surface by the CVD method. The
silicon dioxide film 624 and the poly-silicon film 621 are
removed from the entire surface of the peripheral circuit
formation section 612 and from the region of the memory
cell array formation section 613 to serve as the active region
by photolithography and etching. As a result, a pattern of the
silicon dioxide film 624 and the poly-silicon film 621 as the
shield gate electrode 1s left in a width of about 0.8 O m 1n
only the region which 1s to serve as the element 1solation
region of the memory cell array formation section 613. It 1s
possible to leave the silicon nitride film 622 and to use this

silicon nitride film 622 as the insulating film on the poly-
silicon film 621.

Next, as shown 1n FIG. 6e, a silicon dioxide film 625
having a film thickness of about 100 nm 1s deposited to the
entire surface by the CVD method. The entire surface of this
silicon dioxide film 625 1s then etched back so as to form a
sidewall oxide film comprising this silicon dioxide film 625
on the side surfaces of the poly-silicon film 621 and the
silicon dioxide film 624. Due to etch-back of the silicon
dioxide film 625 at this time, the silicon dioxide film 617 1s
removed from the active regions of both the peripheral
circuit formation section 612 and the memory cell array
formation section 613 and the silicon substrate 611 1is
exposed. The polysilicon film 621 which 1s to serve as the
shield gate electrode 1s connected so as to attain the same
potential as the P well 616 1n the subsequent process step, so
that 1solation by the field-shield method 1s accomplished 1n
the memory cell array formation section 613. Incidentally,
FIG. 6¢ shows the silicon dioxide film 6234 formed 1n the
vicinity of the boundary between the N well 615 and the P
well 616 1n such a manner that i1t keeps contact with the
1solation structure using the poly-silicon film 621 as the
shield gate electrode, but the silicon dioxide film 6234 need
not be always formed in this way. In other words, the silicon
dioxide film 623a and the isolation structure using the
poly-silicon film 621 may be spaced apart from each other.

Next, a silicon dioxide film 626 to serve as a gate oxide
film or a tunnel oxide film 1s formed on the surface of the
exposed silicon substrate 611 by thermally oxidizing this
surface, as shown 1n FIG. 6f. Therefore, a floating gate 1n the
memory cell array formation section 613 1s formed by using
an N type poly-silicon film 627, and a capacitance dielectric
for the floating gate and the control gate 1s formed by sing
an ONO film (silicon dioxide film/silicon nitride film/silicon
dioxide film). The silicon dioxide film 626 to be formed in
the peripheral circuit formation section 612 and the silicon
dioxide film 626 to be formed in the memory cell array
formation section 613 having different film thickness may be
formed by separate process steps.

The gate electrode 1n the peripheral circuit formation
section 612 and the control gate in the memory cell array
formation section 613 are then formed by using the N type
poly-silicon film 632. In this mstance, the gate electrode in
the peripheral circuit formation section 612 may be formed
by using both of the poly-silicon films 627 and 632, or
by;using only the poly-silicon film 627.

Next, as shown 1n FIG. 6g, N type impurity 1ons are
implanted 1nto the P well 614 of the peripheral circuit
formation section 612 and into the memory cell array
formation section 613 so as to form a pair of N type impurity
diffusion layers 633 on both sides of the poly-silicon film
632. P type impurity 1ons are implanted into the N well 615
of the peripheral circuit formation section 612 to form P type
impurity diffusion layers 634 on both sides of the poly-
silicon film 632. In this way, the N type MOS transistor 635
and the P type MOS transistor 636, together constituting a
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CMOS circuit, are completed 1n the peripheral circuit for-
mation section 612 while the memory cell transistor 637 1s
completed 1n the memory cell array formation section 613.
Thereafter, an imnter-level msulating film 641 1s formed on
the entire surface.

Next, a contact hole 642 1s bored 1n the inter-level
insulating film 641 1n such a manner as to reach the N type
1mpur1ty diffusion layer 633 and the P type impurity diffu-
sion layer 634 as shown in FIG. 64. An aluminum (Al)
wiring 643 1s then patterned so that 1t can be connected to the
N type impurity diffusion layer 633 and the P type impurity
diffusion layer 634 in the contact hole 642. Furthermore, a
surface protective film (not shown), etc, 1s formed, and a
nonvolatile semiconductor memory device, having the
CMOS circuit 1n the peripheral circuit section 612 and the
floating gate memory cell transistors 637 1n the memory cell
array formation section 613, can be completed.

As described above, since this embodiment the poly-
silicon film 621, which 1s formed as the buffer layer when
the poly-S1 buffered LOCOS method is carried out, as the
shield gate electrode 1n the memory cell array formation
section 613, 1t 1s not required to form a new conductor film
such as a new polysilicon {ilm so as to form the shield gate
clectrode. This reduces the number of the process steps.

Though this embodiment represents the application of the
present 1nvention to the manufacture of the non-volatile
semiconductor memory device having the floating gate type
memory cell transistors, the present 1nvention can be like-
wise applied to the manufacture of non-volatile semicon-
ductor memory devices having memory cell transistors of
types other than the floating gate type and semiconductor
devices other than the non-volatile semiconductor memory

device such as DRAMS.

Next, the seventh embodiment of the present invention
will be explained with reference to FIGS. 7a to 7g. This
embodiment represents a preferred embodiment of the
invention relating to the method of manufacturing a one-
transistor one-capacitor type DRAM, but it can be similarly
applied to the manufacture of the semiconductor devices
explained with reference to the first to fifth embodiments.

The DRAM to be manufactured by this embodiment uses
two kinds of internal power sources 1n order to restrict the
increase of a field intensity resulting from miniaturization of
clements. In other words, a relatively higher voltage 1is
applied to the gate electrode of each MOS transistor con-
stituting the peripheral circuit section while a relatively
lower voltage 1s applied to the gate electrode of each MOS
fransistor constituting the memory cell array section.
Therefore, the gate oxide film of each MOS transistor must
have a film thickness suitable for each impression voltage.
For mstance, the film thickness 1s prefer about 30 nm for the
impressed voltage of 20 V and about 11 nm for the

impressed voltage of 3.3 V.

Therefore, the manufacturing method of this embodiment
1solates the peripheral circuit section and the memory cell
array section from each other by the LOCOS method and the
field-shield method in the same way as 1n the first to fifth
embodiments. It also manufactures the DRAM, which forms
the gate oxide films of both sections to the most suitable film
thickness for the respective active elements, by a minimum
necessary number of process steps while preventing defects
such as short-circuit.

The DRAM according to this embodiment 1s manufac-
tured 1n the following way. First, as shown in FIG. 7a, an N
type impurity such as phosphorus (P) is implanted into the
peripheral circuit formation section 751 of the P type silicon
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substrate 701 so as to form the N well 731, and a P type
impurity such as boron (B) is implanted into the memory
array formation section 752 so as to form the P well 732. The
PN junction between these wells 731 and 732 terminates at
the main surface of the substrate 701.

Next, a silicon nitride film (not shown) is patterned and
formed 1n the 1solation region of the peripheral circuit
formation section 751 and the portion inclusive of the
boundary between the N well 731 and the P well 732. Then
selective thermal oxidation 1s carried out by using this
silicon nitride film as the oxidation-resistant mask so as to
form field oxide films 702b and 702a. The films have a
thickness of about 500 to about 800 nm 1n the 1solation
region of the peripheral circuit formation section 751 and in
the portion of the substrate 701 inclusive of the boundary
between walls 731 and 732, respectively. The silicon nitride
film 1s thereafter removed by wet etching by using phos-
phoric acid. The field oxide film 702a covers the PN junction
between the wells 731 and 732 at the main surface of the
substrate 701. In other words, the PN junction terminates at
the 1nner surface of the field oxide film 702a.

Next, a gate oxide film 703 having a film thickness of
about 20 to about 30 nm 1s formed on the surface of each of
the N well 731 and the P well 732, on which the field oxide
film 702a and 702b 1s not formed, by thermal oxidation as
shown 1n FIG. 7b.

An N type poly-silicon film (704, 705) having a film
thickness of about 200 to about 400 nm and a silicon dioxide
film 707 having a film thickness of about 100 to about 150
nm are deposited to the entire surface by the CVD method
as shown 1n FIG. 7c¢. The silicon dioxide film 707 and
poly-silicon film are then processed 1n the peripheral circuit
formation section 751 into the pattern of the gate electrode
704 of the MOS transistors and into the pattern of the shield
cgate electrode 705, in the memory cell array formation
section 752. Next, a P type impurity ion 1s implanted into the
N well 731 by using, as the mask, the photoresist (not
shown) formed into a pattern covering the memory cell array
section 752, the field oxide films 702a and 70256 and the gate
clectrode 704. In consequence, a P type impurity diffusion

layer having a low concentration (LDD layer) 706 is formed
in the surface of the N wells 731 on both sides of the gate
clectrode 704.

Next, as shown 1in FIG. 7d, a silicon dioxide film 708
having a film thickness of about 100 to about 200 nm 1is
deposited to the entire surface by the CVD method, and the
silicon dioxide film 708 and gate oxide film 703 are etched
back until the surface of the silicon substrate 701 1s exposed
in the N well 731 and the P well 732. In this way, a sidewall
oxide film comprising the silicon dioxide film 708 1s formed
on the side surface of the gate electrode 704 and the silicon
dioxide film 707, and on the side surface of the shield gate
clectrode 705 and the silicon dioxide film 707.

A gate oxide film 710 having a film thickness of about 11
nm 1s then formed by thermal oxidation on the surfaces of,

the N and P wells 731 and 732 in the regions where the
silicon substrate 701 1s exposed, as shown 1n FIG. 7e.

Next, as shown 1 FIG. 7/, a poly-silicon {film having a
f1lm thickness of about 200 to about 400 nm 1s deposited to
the entire surface by the CVD process and 1s then patterned
into the pattern of the gate electrode 712 of the MOS
transistor in the memory cell array formation section 752.
Next, N type impurity 1ons are implanted into the P well 732
by using a photoresist (not shown) shaped into such a pattern
as to cover the peripheral circuit formation section 751, the
shield gate electrode 705 and the gate electrode 712 as the
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mask. In this way, the N type low concentration impurity
diffusion layers (LDD layers) 716 are formed in the surface

portion of the P wells 732 on both sides the gate electrode
712.

Further, the silicon dioxide film formed on the entire
surface 1s etched back. N type impurity 1ons are then
implanted into the P well 732 by using the resulting sidewall
oxide film 713 on the side surface of the gate electrode 712
as a new mask. In this way, a pair of N type high concen-
tration impurity diffusion layers 718, which are to serve as
the source and the drain of the MOS transistor, are formed
on the surface portion of the P wells 732 on both sides of the
cgate electrode 712.

Next, P type impurity 1ons are implanted into the N well
731 by using a photoresist (not shown). The photoresist is
formed 1n such a manner as to cover the memory cell array
formation section 752, the field oxide films 702a and 702b,
the gate electrode 704 and the silicon dioxide film 708 as the
mask. In this way, a pair of P type high concentration
impurity diffusion layers 714, which are to serve as the
source and the drain of the MOS transistor, are formed on
the surface portion of the N wells 731 on both sides of the
cgate electrode 704.

Next, a capacitor, comprising a lower electrode 721
connected to one of the source and the drain of the MOS
transistor, a capacitor dielectric film 723 such as an ONO
film and an upper electrode opposing the lower electrode
721 through the capacitor dielectric film 723, 1s formed as
shown 1n FIG. 7g. After the entire surface 1s covered with an
insulating film 724, a leading-out electrode 722 1s formed at
the source/drain of the MOS transistor. Thereafter, known
process steps such as the formation of a protective film are

carried out, and the DRAM according to this embodiment is
manufactured.

In the DRAM manufactured by the method according to
this embodiment, a low voltage of about 3.3 V, obtained by
lowering a 5 V voltage supplied from outside, 1s applied to
the gate electrode 712 of the MOS transistor. This 1s done 1n
order to insure the reliable operation of the mimaturized
MOS transistors constituting the memory cell array section
752). Therefore, the gate oxide film 710 1s formed to a small
thickness of about 11 nm. On the other hand, because the 5
V voltage supplied from outside 1s applied to the gate
clectrode 704 of the MOS transistors constituting the periph-
eral circuit section 751), the gate oxide film 703 is formed
to a relatively large thickness of about 20 to about 30 nm 1n
such a manner that the MOS transistors are not broken even
when the 5 V voltage 1s applied. In this way, reliability of the
MOS transistors can be improved.

In the peripheral circuit section, the MOS transistors are
clectrically 1solated from one another by the field oxide film
702 having a relatively large film thickness. In the memory
cell array section, on the other hand, the MOS transistors are
clectrically 1solated from one another by the shield gate
clectrode 705 kept at the same potential as that of the P well
732, for example. Therefore, 1solation can be attained by a
small isolation width in the peripheral circuit section (751)
where a large number of CMOS circuits are formed, without
the necessity of disposing a guard ring, etc, whereas 1n the
memory cell array section (752), where a large number of N
channel MOS ftransistors are formed, enlargement of the
1solation width due to the bird’s beaks and the narrow
channel effect due to 1on 1implantation for the channel stop
do not occur, and the leakage current of the diffusion layers
can be checked.

In the method of this embodiment, the gate electrode 704
and the shield gate electrode 705 are formed by patterning,
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the same poly-silicon film, and the gate electrode 704 and
the msulating film formed below the shield gate electrode
705 are the gate oxade film 703. Therefore, the DRAM of the
type wherein the gate oxide films in the peripheral circuit
section (751) and the memory cell array section (752) have
mutually different film thickness can be manufactured by a
smaller number of process steps.

Since the gate oxide film 703 1s removed simultaneously
with etch-back for forming the. sidewall oxide film com-
prising the silicon dioxide film 708, the shield gate electrode
705 1s not exposed as the silicon dioxide films 707 and 708
on the shield gate electrode 7035 are removed. In other words,
short-circuit between the shield gate electrode 705 and other
conductor film can be prevented.

Though this embodiment relates to the manufacture of the
DRAM, the present invention can be applied to the manu-
facture of non-volatile semiconductor memory devices hav-
ing floating gate type memory cell transistors, logical inte-
orated circuit devices, and other semiconductor devices, by
conducting isolation by both of the LOCOS method and
field-shield method so that the film thickness of the gate
insulating film 1s different 1n the respective regions.

What 1s claimed 1s:

1. A method of manufacturing a semiconductor device
comprising the steps of:

preparing a semiconductor substrate having a main sur-
face;

defining a first semiconductor region of a first conductiv-
ity type and a plurality of second semiconductor
regions 1n said semiconductor substrate, one of said
second semiconductor regions having a second con-
ductivity type and being arranged to form a first junc-
tion with said first semiconductor region, said first
junction terminating at said main surface of said semi-
conductor substrate, said second semiconductor
regions having one of said first and second conductivity
types and forming second junctions with adjacent ones
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of the second semiconductor regions, said second junc-
tions terminating at said main surface of said semicon-
ductor substrate;

forming a first field oxide film to cover said first junction
at said main surface of said semiconductor substrate
and a plurality of second field oxide films to cover said
second junctions at said main surface of said semicon-
ductor substrate;

forming at least one field-shield 1solation structure on said
first semiconductor region of said semiconductor sub-
strate; and

forming first circuit elements at said first semiconductor
region and second circuit elements at said second
semiconductor regions.

2. A method of manufacturing a semiconductor device

comprising the steps of:

preparing a semiconductor substrate having a main sur-
face;

defining a first semiconductor region of a first conductiv-
ity type and a second semiconductor region of a second
conductivity type 1n said semiconductor substrate, said
first and second semiconductor regions forming a junc-
tion therebetween, said junction terminating at said
main surface of said semiconductor substrate;

forming a first field oxide film to cover said junction at
sald main surface of said semiconductor substrate and

a plurality of second field oxide films 1n said second
semiconductor region of said semiconductor substrate;

forming at least one field-shield 1solation structure on said
first semiconductor region of said semiconductor sub-
strate; and

forming first circuit elements at said first semiconductor
region and second circuit elements at said second
semiconductor region.
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